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(54) Fuel injector and method of assembling a fuel injector 



(57) A fuel injector comprising a nozzle body (10) 
having a first bore (11) defining first and second seat- 
ings (13, 22) and an outer valve member (12) slidable 
within the first bore (11) and engageable with the first 
seating (13) to control fuel flow from a first outlet open- 
ing (14) located downstream of the first seating (13). 
The outer valve member (12) is provided with a through 
bore (17) and an inner valve member (20) is slidable 
within the through bore (17) and is engageable with a 
second seating (24) to control fuel flow from a second 
outlet opening (24). The through bore (17) defines a 
step (27) which is engageable with an enlarged region 
(20a) of the inner valve member (20), the through bore 
(17) permitting, during fuel injector assembly, insertion 
of the inner valve member (20) into the through bore 
(17) through an end of the through bore (17) remote 
from the first and second outlet openings (14, 24). The 
invention also relates to a method of assembling such a 
fuel injector. 
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Description 

[0001] This invention relates to a fuel injector for 
use in supplying fuel, under pressure, to a combustion 
space of a compression ignition internal combustion 
engine. The invention also relates to a method of 
assembling a fuel injector. 

[0002] In order to reduce emissions levels, it is 
known to provide fuel injectors in which the total area of 
the openings through which fuel is delivered can be var- 
ied, in use. One technique for achieving this is to use 
two valve needles, one of which is slidable within a bore 
provided in the other of the needles to control the supply 
of fuel to some of the outlet openings independently of 
the supply of fuel to others of the outlet openings. How- 
ever, such arrangements have the disadvantage that 
fuel may be able to flow between the inner and outer 
needles giving rise to substantially continuous delivery 
of fuel at a low rate. 

[0003] European patent application EP 99304430.4 
describes a dual valve needle fuel injector which over- 
comes this problem. The outer valve needle is provided 
with a bore within which a sleeve is located to retain an 
inner valve within the bore. The inner surface of the 
sleeve and the outer surface of the inner valve needle 
together define a clearance passage for fuel which ena- 
bles sliding movement of the inner valve needle. The 
dimensions of the clearance passage determine the 
rate at which fuel is supplied to and from a fuel chamber 
upstream of the inner valve needle, defined by the bore 
and an upper end surface of the inner valve needle, 
[0004] Fuel flow through the clearance passage 
exerts pressure on the sleeve and, thus, the sleeve can 
adopt a non-circular shape. This can change the fuel 
flow characteristics of the injector and may cause the 
inner valve needle to become stuck. However, if the 
clearance passage is too large and fuel leaves the fuel 
chamber too quickly, a cavity can form in the chamber 
which adversely affects the performance of the fuel 
injector. Thus, it is difficult to manufacture a fuel injector 
of this type without compromising the fuel injector per- 
formance in some way. Furthermore, it is difficult to 
manufacture the sleeve component of the fuel injector 
as its dimensions are small. 

[0005] It is an object of the present invention to alle- 
viate one or more of the aforementioned problems asso- 
ciated with the prior art. 

[0006] According to a first aspect of the present 
invention there is provided a fuel injector comprising a 
nozzle body having a first bore defining first and second 
seatings, an outer valve member, slidable within the first 
bore and engageable with the first seating to control fuel 
flow from a first outlet opening located downstream of 
the first seating, the outer valve member being provided 
with a through bore, an inner valve member, slidable 
within the through bore and engageable with the second 
seating to control fuel flow from a second outlet open- 
ing, the through bore defining a step engageable with 



an enlarged part of the inner valve member, the through 
bore permitting, during fuel injector assembly, insertion 
of the inner valve member into the through bore through 
an end of the through bore remote from the first and 

5 second outlet openings. 

[0007] The fuel injector in accordance with the 
present invention can be manufactured conveniently. As 
the through bore extends along the complete length of 
the outer valve member, the Inner valve member can be 

10 inserted into the through bore through the upper end 
thereof. In known fuel injectors, the bore in the outer 
valve member only extends along a part of the length of 
the outer valve member. It is therefore necessary to 
assemble the fuel injector by inserting the inner valve 

15 member into the bore through the lower end of the valve 
member. 

[0008] Preferably, the outer valve member includes 
a radially extending enlarged region which cooperates 
with a part of the first bore to guide axial movement of 

20 the outer valve member within the bore such that the 
outer valve member remains substantially concentric 
within the bore throughout axial movement. 
[0009] In one embodiment of the invention, the fuel 
injector Includes an upper, sealing member which Is 

25 received in the upper end of the through bore, the seal- 
ing member being in sealing engagement with the 
through bore to prevent fuel discharge from the through 
bore through the upper end thereof at undesireabie 
stages in the operating cycle. 

30 [0010] In an alternative embodiment, the fuel injec- 
tor includes vent means for permitting fuel upstream of 
the inner valve member to vent from the through bore. 
[0011] Conveniently, the vent means may include 
an upper valve member slidably mounted within the 

35 upper end of the through bore, the through bore defining 
a valve seat for the valve member, the valve member 
being exposed to fuel pressure within a chamber 
defined within the through bore between the inner valve 
member and the upper valve member, whereby move- 

40 ment of the upper valve member away from the valve 
seat due to fuel pressure within the chamber permits 
fuel to vent from the chamber. 

[0012] This provides the advantage that high pres- 
sure fuel does not become trapped within the chamber 

45 during fuel injector operation. Trapping of fuel within the 
chamber may othen/vise degrade fuel quality and, 
hence, fuel injector performance. Conveniently, the 
upper valve member may be provided with flats or slots 
to increase the flow area for fuel venting from the cham- 

50 ber. 

[0013] The upper valve member may be provided 
with resilient bias means, for example a compression 
spring, to bias the upper valve member into the valve 
seat. In this way, when the fuel Injector is not being sup- 
55 plied with fuel, a substantially fluid tight seal Is fomried 
between the chamber and the upper valve member to 
prevent any residual fuel venting from the chamber. 
[0014] The outer valve member may be provided 
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with a guide member, coaxial with the outer valve nee< 
die, which serves to guide axial movement of the outer 
valve member within the first bore. The guide member 
may be Integrally formed with the outer valve member. 

[0015] The upper valve member may be spaced 5 
apart from the chamber by a spacer member such that 
the valve member is located towards an upper end of 
the through bore. This simplifies manufacture of the fuel 
injector. 

[0016] According to a second aspect of the present io 
invention, there is provided a method of assembling a 
fuel injector including the steps of; 

providing a nozzle body having a first bore formed 
therein, providing an outer valve member having a 75 
through bore formed therein, the through bore 
defining a step engageabie with an enlarged part of 
an inner valve member to be received within the 
through bore, 



inserting the inner valve member in the upper end 
of the through bore, 

inserting an upper member in the upper end of the 
through bore, and 

inserting the outer valve member, having the inner 
valve member and the upper member inserted 
therein, into the upper end of the first bore. 



20 



25 



30 



[0017] The upper member may be an upper valve 

member which permits fuel upstream of the inner valve 

member to vent from the through bore. 

[0018] Fuel injector assembly can therefore be 

achieved conveniently by assembling each of the com- 35 

ponent parts separately prior to assembly of the fuel 

injector. 

[0019] The invention will now be described, by way 
of example only, with reference to the following figures 
in which; 40 

Figure 1 is a sectional view of a fuel injector in 
accordance with a first embodiment of the present 
invention; 

45 

Figure 2 is an enlarged sectional view of the end of 
the fuel injector shown in Figure 1; 

Figures 3-6 are alternative embodiments to that 
shown in Figure 1 ; and so 

Figure 7 is an enlarged view of an actuator arrange- 
ment which may be used to control valve needle 
movement in the fuel injector of the present Inven- 
tion. 55 

[0020] Referring to Figures 1 and 2, a fuel injector 
includes a nozzle body 10 having a blind bore 11 



fonned therein. The blind end of the bore 1 1 Is shaped 
to be of frusto-conical form and defines a seating sur- 
face with which an outer valve needle 12 is engageabie, 
the outer valve needle 12 engaging the seating surface 
at a first seating 13 which is located upstream of a first 
set of outlet openings 14 (only one of which is shown). 
The valve needle 12 and bore 11 together define a 
delivery chamber 15 which communicates with a source 
of fuel at high pressure by means of a drilling 16 pro- 
vided in an upper part of the nozzle body 10. The outer 
valve needle 12 cooperates with the first seating 13 to 
control communication between the delivery chamber 

15 and the first outlet opening 14. 

[0021 ] The outer valve needle 1 2 is moveable within 
the bore 1 1 under the control of an appropriate control 
arrangement (not shown) which controls the distance 
through which the needle 1 2 can move away from the 
first seating 1 3. The control arrangement may comprise, 
for example, a piezoelectric actuator arrangement 
which includes a piezoelectric actuator element or 
stack. The outer valve needle 1 2 is provided with a bore 
17,17a extending through the length of the valve needle 
12 and having an enlarged diameter 17a at its upper 
end. An inner valve needle 20, having an enlarged 
diameter region 20a at its upper end, is slidabty 
mounted within the bore 17 and is engageabie with a 
second seating 22 to control fuel delivery from a second 
set of outlet openings 24 (only one of which is shown). 
The enlarged diameter region of the bore 1 7a defines a 
chamber 25 housing a spring 19. The spring 19 is in 
engagement with the enlarged diameter region 20a of 
the inner valve needle 20 and biases the inner valve 
needle 20 towards a position in which the inner valve 
needle 20 seats against the second seating 22. 
[0022] The spring 19 abuts, at its end remote from 
the inner valve needle 20, a sealing member 29 forming 
an interference fit with the bore 17a. The interference fit 
between the sealing member 29 and the bore 1 7a forms 
a substantially fluid tight seal such that fuel in the cham- 
ber 25 cannot escape past the seal. The fluid tight seal 
also benefits from fuel pressure in the delivery chamber 

16 which increases the contact pressure between the 
outer surface of the sealing member 29 and the bore 
17a. This increased contact pressure also serves to 
improve the axial load carrying capability of the sealing 
member 29 and the outer valve needle 1 2. 

[0023] As can be seen in Figure 1, the sealing 
member 29 has an upper end region 29a having an 
enlarged diameter. Cooperation between the enlarged 
region 29a and the adjacent part of the bore 1 1 forms a 
substantially fluid tight seal and also serves to guide the 
sealing member 29 for axial movement within the bore 
11. The diameter of the sealing member 29 below the 
enlarged region 29a is greater than the diameter of the 
bore 1 1 at the first seating 1 3. Thus, unnecessary axial 
loading on the seal between the sealing member 29 and 
the bore 1 7a of the outer valve needle 1 2 is avoided. 
[0024] The bore 1 7 defines, with an outer surface of 
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the inner valve needle 20, an annular chamber 26. The 
bore 1 7 also defines a step 27 which is engageable with 
the enlarged region 20a of the inner valve needle 20 
such that, upon movement of the outer valve needle 1 2 
away from the first seating 13 by an amount equal to a 5 
clearance gap, g, the step 27 moves into engagement 
with the enlarged region 20a of the inner valve needle 
20. Movement of the outer valve needle 12 away from 
the first seating 13 by an amount less than or equal to 
the clearance gap, g, causes the outer valve needle 12 70 
to lift away from the first seating 13, whilst the inner 
valve needle 20 remains seated. Movement of the outer 
valve needle 12 by an amount greater than the clear- 
ance gap, g, causes movement of the outer valve nee- 
dle 1 2 to be transmitted to the inner valve needle 20, as 75 
the step 27 engages the enlarged region 20a, thereby 
also causing the inner valve needle 20 to lift away from 
the second seating 22. 

[0025] The lower end of the Inner valve needle 20 

has a tip portion 28 of frusto-conical form which extends 20 
into a sac 23 of relatively small volume. A narrow clear- 
ance is defined between the inner valve needle 20 and 
the outer valve needle 12, the clearance passage per- 
mitting fuel to flow between the sac 23 and the chamber 
25. Fluid communication between the chamber 25 and 25 
the sac 23 ensures that movement of the inner valve 
needle 20 relative to the outer valve needle 12 can 
occur, and that the fuel pressure in the chamber 25, 
exposed to the upper end of the inner valve needle 20, 
is substantially the same as the fuel pressure within the 30 
sac 23. 

[0026] As the enlarged region 20a of the inner valve 
needle 20 and the bore 17 define the clearance gap, g, 
in the annular chamber 26, the clearance gap, g, retains 
a substantially constant size during the service life of 35 
the fuel injector. In known fuel injectors, in which an 
upper end of a sleeve defines the clearance gap, the 
clearance gap is prone to vary in size during fuel injector 
service life. 

[0027] The outer valve needle 12 has an enlarged 4o 
region 21, having substantially the same diameter as 
the bore 1 1 , extending radially from one section of the 
outer valve needle 12. Cooperation between the 
enlarged region 21 of the outer valve needle 12 and the 
bore 1 1 serves to guide the outer valve needle 12 dur- 45 
ing axial movement and ensures that the outer valve 
needle 12 remains concentric with the nozzle body 10. 
The outer valve needle 12 may be provided with flats or 
slots 21 a on the outer surface to permit fuel in the deliv- 
ery chamber 1 5 to flow past the enlarged region 21 . so 
[0028] In use, the injector is arranged such that the 
delivery chamber 15 is connected to a source of fuel 
under high pressure, for example the common rail of a 
common rail fuel system, the common rail being 
charged to a high pressure by an appropriate high pres- 55 
sure fuel pump. Prior to commencement of injection, the 
actuator arrangement is operated in such a manner that 
the outer valve needle 12 engages the first seating 13. 
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As a result, communication between the delivery cham- 
ber 1 5 and the sac 23 is not permitted. At this stage, the 
spring 1 9 biases the inner valve needle 20 into engage- 
ment with the second seating 22. Fuel cannot flow past 
the first seating 13 and fuel injection does not take 
place. 

[0029] When injection is to commence, the actuator 
arrangement is operated in such a manner that the seal- 
ing member 29 and the outer valve needle 12 are 
moved in an upwards direction, lifting the outer valve 
needle 12 away from the first seating 13. Lifting may be 
aided by the action of the fuel under high pressure 
Within the delivery chamber 15 acting upon the angled 
surface of the outer valve needle 12 adjacent the seat- 
ing 13. Upward movement of the outer valve needle 12 
permits fuel to flow from the delivery chamber 15 past 
the first seating 1 3. As fuel flows past the first seating 13 
it is also able to flow through the first outlet opening 14 
and fuel is delivered into the engine cylinder. 
[0030] Provided the outer valve needle 12 only 
moves through a small distance, the step 27 does not 
move into engagement with the inner valve needle 20 
and the inner valve needle 20 remains in engagement 
with the second seating 22 under the action of the 
spring 19 and the fuel pressure within the chamber 25. 
As a result, fuel is unable to flow past the second seat- 
ing 22 into the sac 23 and through the second outlet 
opening 24. It will be appreciated that, as fuel is only 
injected through the first outlet opening 14, Injection of 
fuel occurs at a relatively low rate for a given applied fuel 
pressure. 

[0031] When fuel is to be injected at a higher rate 
for a given fuel pressure, the sealing member 29 and 
the outer valve needle 12 are moved through a further 
distance, further movement of the outer valve needle 1 2 
resulting in the step 27 moving into engagement with 
the enlarged diameter region 20a of the inner valve nee- 
dle 20. Movement of the outer valve needle 12 is there- 
fore transmitted to the inner valve needle 20 and the 
inner valve needle 20 lifts away from the second seating 
22. As a result, fuel is able to flow from the chamber 15 
into the sac 23 and through the second outlet opening 
24. As fuel is delivered through both the first outlet 
opening 14 and the second outlet opening 24, it will be 
appreciated that fuel is delivered at a relatively high rate 
for a given fuel pressure. 

[0032] In order to terminate injection, the actuator is 
de-actuated such that the outer valve needle 12 is 
returned to the position illustrated in which it engages 
the first seating 13. It will be appreciated that prior to 
engagement of the outer valve needle 12 with the first 
seating 13, the inner valve needle 20 moves into 
engagement with the second seating 22. It will therefore 
be appreciated that termination of injection through the 
second outlet opening 24 occurs prior to termination of 
injection through the first outlet opening 14. When the 
inner valve needle 20 returns into engagement with the 
first seating 13, the injector still contains a quantity of 
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fuel within the sac 23 which is able to be delivered 
through the second outlet opening 24, thus termination 
of injection may not occur immediately. However, as the 
sac 23 has only a relatively small volume, this effect is 
acceptable for many applications. 5 

[0033] In an alternative embodiment, the sealing 
member 29 may be connected to the outer valve needle 
12 by means of threading or welding. However, further 
machining of the enlarged region 21 of the outer valve 
needle 12 may then be required to ensure adequate to 
concentricity is maintained between the bore 1 1 and the 
valve needle 12. 

[0034] Manufacture of the fuel injector in accord- 
ance with the present invention is simplified as the valve 
needles 12,20 can be fully manufactured prior to is 
assembly of the fuel injector. As the through bore 17 
extends through the outer valve needle 12, the fuel 
injector can be assembled by first inserting the inner 
valve needle 20 and the spring 19 and then the sealing 
member 29 into the upper end of the outer valve needle zo 
12. This assembly can then be inserted into the bore 1 1 
through the upper end of the nozzle body 10 to com- 
pletely assemble the fuel injector. 
[0035] A possible disadvantage of the embodiment 
shown in Figures 1 and 2 is that the chamber 25 con- 2S 
tains fuel which is periodically pressurised and then 
depressurised during operation of the fuel injector, 
thereby heating the fuel. Fuel within the chamber 25 
does not move substantially during operation of the 
injector and, as fuel can reach temperatures in excess so 
of 250**C, fuel degradation may occur. 
[0036] An alternative embodiment of the invention 
which overcomes this problem is shown in Figure 3. 
Like parts to those shown in Figures 1 and 2 are 
referred to with like reference numerals. In this embodi- 35 
ment of the invention, an upper valve member 36 is sii- 
dably mounted within the bore 1 7a, the lower end face 
of the valve member 36 defining the upper surface of 
the chamber 25. The upper end 12a of the outer valve 
needle 12 is of reduced diameter and a guide member 40 
42, provided with a bore 43, engages the upper end 12a 
in an interference fit. The upper end of the valve mem- 
ber 36 engages a compression spring 38 which is 
housed within an axial chamber 40 defined within the 
bore 43. A valve seating 35 is defined by the bore 17, 45 
the valve member 36 being biased against the seating 
35 by means of the spring 38, thereby ensuring that a 
fluid tight seal is maintained between the chamber 25 
and the axial chamber 40 when there is a negligible dif- 
ference in fuel pressure between the two chambers, so 
The bore 41 of the guide member 42 defines a step 37 
with which the upper end face of the valve member 36 is 
engageable. 

[0037] A narrow passage 44 may be provided at the 
upper end of the guide member 42 in communication ss 
with the axial chamber 40 to pemnit the effective volume 
of the axial chamber 40 to be varied for optimum per- 
formance of the fuel injector. 



[0038] A narrow clearance is defined between the 
upper valve member 36 and the bore 1 7a such that fuel 
in the chamber 25 can communicate with the axial 
chamber 40 when the valve member 36 is moved away 
from its seating 35. The upper valve member 36 is pro- 
vided with flats or slots 46 to increase the fuel flow area 
between the chambers 25,40 during fuel injector opera- 
tion. 

[0039] The guide member 42 is controlled by 
means of an actuator arrangement such as, for exam- 
ple, a piezoelectric actuator arrangement. The guide 
member 42 is biased by means of a spring (not shown) 
in a downwards direction, thereby ensuring that the 
outer valve needle 12 is seated against the first seating 
13 prior to fuel injector operation. 
[0040] In order to commence fuel injection, the 
guide member 42 is lifted in an upwards direction by the 
actuator arrangement When the guide member 42 is 
lifted in an upwards direction by an amount less than or 
equal to the clearance gap, g, this causes the outer 
valve needle 12 to be lifted away from the first seating 
13 whilst the inner valve needle 20 remains seated 
against the second seating 22. The fuel in the delivery 
chamber 15 Is able to flow past the first seating 13 and 
is ejected from the first outlet opening 14 into the 
engine. In addition, fuel may flow through a narrow 
clearance between the inner valve needle 20 and the 
outer valve needle 12 into the chamber 25, thereby 
causing fuel pressure within the chamber 25 to 
increase. Fuel pressure within the chamber 25 acts on 
the valve member 36, and if fuel pressure within the 
chamber 25 exceeds fuel pressure within the axial 
chamber 40, the valve member 36 is moved in an 
upwards direction, away from the valve seating 35, 
against the action of the spring 38. Thus, the fluid tight 
seal between the valve member 36 and the chamber 25 
is broken and fuel is able to flow from the chamber 25 to 
the axial chamber 40 via the clearance between the 
upper valve member 36 and the bore 17 and the slots 
formed on the surface of the upper valve member 36. 
[0041] From the position in which the outer valve 
needle 12 is moved a distance, g, away from the first 
seating 1 3, the actuator arrangement may be de-actu- 
ated, thereby causing the guide member 42, the outer 
valve needle 12 and the valve member 36 to move in a 
downwards direction under the action of the spring 
forces. On initial downward movement of the outer valve 
needle 12, the valve member 36 will be forced down- 
wards, thereby reducing the volume of the chamber 25. 
Thus, fuel pressure in the chamber 25 will increase, 
until such time as sufficient fuel flows through the clear- 
ance between the valve member 36 and the outer valve 
needle 12 to equalise the fuel pressures in the axial 
chamber 40 and the chamber 25. Thus, some fuel vents 
through the clearance during downward movement of 
the outer valve needle 12. As the valve member 36 
moves back against the valve seat 35 the fluid tight seal 
between the upper valve member 36 and the spring 
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chamber 25 will be re-established. When the outer valve 
needle 12 has moved back into the first seating 13, fuel 
injection is terminated. 

[0042] In order to achieve fuel injection at a greater 
rate, from a position in which injection occurs through s 
the first outlet opening 1 4, the guide member 42 and the 
outer valve needle 12 may be lifted by a further distance 
causing the step 27 to engage the enlarged upper end 
20a of the inner valve needle 20, thereby transmitting 
movement of the outer valve needle 12 to the inner io 
valve needle 20, This causes the inner valve needle 20 
to move away from the second seating 22, thereby 
exposing the second outlet opening 24. The rate of fuel 
injection is therefore increased. Upward movement of 
the valve member 36 through a distance equal to clear- 75 
ance gap, d, will cause the upper surface of the upper 
valve member 36 to engage the step 37 defined by the 
bore 43 and upward movement of the valve member 36 
ceases. The clearance gap, d, therefore limits the extent 
of upward movement of the valve member 36 away from 20 
the valve seating 35. 

[0043] The valve member 36 provides a means of 
venting the chamber 25 during the fuel injecting cycle. 
As fuel does not remain trapped within the chamber 25 
throughout fuel injector operation the effects of fuel deg- 2S 
radation are minimised. The amount of fuel which flows 
from the spring chamber 25 to the axial chamber 40 Is 
determined by the fuel pressure difference between the 
two chambers 25,40, the length of time that the pres- 
sure difference is maintained and the fuel flow area 30 
through which the fuel flows. The fuel flow area may be 
increased by including further flats or slots on the sur- 
face of the valve member 36. The fuel pressure differ- 
ence and the length of time that the fuel pressure 
difference is maintained are determined by the operat- 35 
ing conditions and the type of actuator arrangement use 
to control movement of the guide member 42. If a piezo- 
electric actuator arrangement is used, the length of time 
that the pressure difference is maintained Is relatively 
short. If, however, an electromagnetic actuator arrange- 40 
ment is used then any pressure difference will be main- 
tained for a longer period of time. 
[0044] The narrow passage 44 at the upper end of 
the guide member 42 serves to control fuel flow to and 
from the control chamber (not shown) acting on the 45 
upper end surface of the guide member 42 and the axial 
chamber 40. If this passage is of relatively large diame- 
ter then the volume of the axial chamber 40 effectively 
forms part of the control chamber volume. This increase 
in volume may adversely effect the rate at which the so 
guide member 42 can be moved. By providing a rela- 
tively narrow diameter passage 44 greater control of the 
movement of the guide member 42 and the upper valve 
member 36 can be achieved. 

[0045] Rgure 4 shows an alternative embodiment ss 
of the fuel injector shown in Figure 3 in which the outer 
valve needle is extended in length and forms a unitary 
part 48 with the guide member. In this embodiment, the 



injector includes an elongated valve member 50, the 
' clearance between the valve member 50 and the outer 
valve needle 12 therefore extending up to the control 
chamber (not shown) at the upper end of the arrange- 
ment. 

[0046] Referring to Figure 5, a further alternative 
embodiment of the invention is shown in which a valve 
member 52 is located towards the upper end of the bore 
1 7 in the outer valve needle 12, the upper valve member 
52 being spaced from the chamber 25 by means of a 
spacer member 51. The upper valve member 52 is 
engageable with a valve seat 54 spaced apart from the 
upper end of the outer valve needle 12 by a relatively 
small amount. The clearance between the spacer mem- 
ber 51 and the bore 17 in the outer valve needle 12 is 
minimised so that this clearance does not increase sig- 
nificantly the volume of the chamber 25. In Figure 5, the 
spacer member 51 is shown as a separate part to the 
upper valve member 52. However, these two compo- 
nents may form a unitary part. Providing the valve mem- 
ber 52 towards the upper end of the bore 1 7 in the outer 
valve member 1 2 permits the fuel injector to be assem- 
bled more easily. 

[0047] Figure 6 shows an alternative embodiment 
to Figure 5, In which the second outlet opening 24 in the 
nozzle body 10 is located at a higher axial position on 
the nozzle body 10 such that, with the inner valve nee- 
dle 20 in its seated position, the second outlet opening 
24 does not communicate with the sac 23. Thus, the 
second outlet opening 24 is covered by the inner valve 
needle 20 when fuel injection is not occurring. It is pos- 
sible to arrange the second outlet opening 24 at a 
higher axial position in the nozzle body 10 due to the 
improved concentricity of the outer valve needle 12 and 
the bore 1 1 and due to the ability of the elongated outer 
valve member 48 to sustain larger loads. 
[0048] Referring to Figure 7a, there is shown an 
actuator arrangement arranged at the upper end of the 
nozzle body 10 of the fuel injector shown in Figures 5 
and 6, the actuator arrangement including a piezoelec- 
tric stack 56. The lower end of the piezoelectric stack 56 
engages a first member 58 having a lower, concave sur- 
face. A convex, upper surface of a second member 60 
engages the concave lower surface of the first member 
58, the second member 60 being spaced from a piston 
62 by means of an annular stop member 64. The piston 
62 is provided with a bore 65 within which an adjustable 
member 66 is received. The upper end of the adjustable 
member 66 is provided with a recess for receiving a 
screw part 68, which permits the axial position of the 
adjustable member 66 within the piston 62 to be 
adjusted. The lower end of the adjustable member 66 is 
also provided with a bore 70, the blind end of which 
engages a compression spring 72, the other end of the 
compression spring 72 engaging the vah^e member 52 
housed within the outer valve needle 12. 
[0049] When the piezoelectric stack 56 extends In 
length in a downwards direction, the first member 58 
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imparts movement to the second member 60, thereby 
imparting movement to the piston 62 and the adjustable 
member 66. Movement of the piston 62 in the down- 
wards direction causes movement of the valve member 
52 in the downwards direction, thereby compressing the 5 
spring 72. Axial movement of the first member 60 is lim- 
ited by the gap between the lower surface of the stop 
member 64 and the upper surface of housing part 74. 
The spring 72 within the recess 70 serves to bias the 
valve member 52 in a downwards direction against the w 
valve seat 54, thereby maintaining a fluid tight seal 
between the chamber 25 and the recess 70. 

[0050] As shown in Figure 7a, the spring 72 may 
have a relatively small diameter. Alternatively, referring 
to Figure 7b, a T-shaped member 76 may be provided to is 
transmit movement of the piston 62 to the upper valve 
member 52. The T-shaped member 76 has a lower sur- 
face which engages the upper surface of the valve 
member 52 and has an upper surface which engages 
the spring 72. In a further alternative arrangement, the 20 
spring 72 may be integrally formed with the valve mem- 
ber 52. 

[0051] Movement of the valve member 52 in an 
upwards direction may be limited by means of a spacer 
member 78, as shown in Figure 7b, or by arranging the 25 
spring 72 such that it is compressed totally when the 
limit of upward movement is reached. 
[0052] Although in the description hereinbefore, 
various springs have been referred to as compression 
springs, it will be appreciated that any other resilient 30 
bias arrangements could be used. It will also be appre- 
ciated that, if desired, the inner valve needle 20 may 
itself be provided with a bore within which a further 
valve needle is slidable to control delivery of fuel 
through one or more further outlet openings or groups 3S 
of outlet openings. 

Claims 

1. A fuel injector comprising a nozzle body (1 0) having 40 
a first bore (11) defining first and second seatings 
(13, 22), an outer valve member (12), slidable 
within the first bore (11) and engageable with the 
first seating (13) to control fuel flow from a first out- 
let opening (14) located downstream of the first 45 
seating (13), the outer valve member (12) being 
provided with a through bore (17), an inner valve 
member (20), slidable within the through bore (17) 
and engageable with the second seating (24) to 
control fuel flow from a second outlet opening (24), so 
the through bore (17) defining a step (27) which is 
engageable with an enlarged region (20s) of the 
inner valve member (20), the through bore (17) per- 
mitting, during fuel injector assembly, insertion of 
the inner valve member (20) into the through bore ss 
(17) through an end of the through bore (17) remote 
from the first and second outlet openings (14, 24). 



2. The fuel injector as claimed in Claim 1 , wherein the 
outer valve member (12) includes a radially extend- 
ing enlarged region (21) which cooperates with a 
part of the first bore (1 1 ) to guide axial movement of 
the outer valve member (12) within the first bore 
(1 1 ) such that the outer valve member (1 2) remains 
substantially concentric within the first bore (11) 
throughout axial movement. 

3. The fuel injector as claimed in Claim 1 or Claim 2, 
comprising a sealing member (29) which is 
received in the upper end of the through bore (17), 
the sealing member (29) being in sealing engage- 
ment with the through bore (1 7) to prevent fuel dis- 
charge from the through bore (17) through the 
upper end thereof at undesireable stages in the 
operating cycle. 

4. The fuel injector as claimed in Claim 1 or Claim 2, 
comprising vent means (36) for permitting fuel 
upstream of the inner valve member (20) to vent 
from the through bore (17). 

5. The fuel injector as claimed in Claim 4, wherein the 
vent means comprise an upper valve member (36, 
50, 52) slidably mounted within the upper end of the 
through bore (17), the through bore (17) defining a 
valve seat (35, 54) for the valve member (36, 50, 
52), whereby fuel pressure within a chamber (25) 
defined within the through bore (17) between the 
inner valve member (20) and the upper valve mem- 
ber (36, 50, 52) acts on the upper valve member 
(36, 50, 52) and whereby movement of the upper 
valve member (36, 50, 52) away from the valve seat 
(35, 54) due to fuel pressure within the chamber 
(25) permits fuel to vent from the chamber (25). 

6. The fuel injector as claimed in Claim 5, wherein the 
upper valve member (36, 50, 52) may be provided 
with flats or slots to increase the flow area for fuel 
venting from the chamber (25). 

7. The fuel injector as claimed in Claim 5 or Claim 6, 
wherein the upper valve member (36) is provided 
with resilient bias means (38) to bias the upper 
valve member (36) into the valve seat (35). 

8. The fuel injector as claimed in any of Claims 5 to 7, 
wherein the upper valve member (52) is spaced 
apart from the chamber (25) by a spacer member 
(51) such that the upper valve member (52) is 
located towards an upper end of the through bore 
(17). 

9. The fuel Injector as claimed in any of Claims 5 to 8, 
wherein an end of the inner valve member (20) 
extends into a sac region (23) of the injector 
defined, in part, by a blind end of the first bore (1 1 ). 
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10. The fuel injector as claimed in Claim 9, wherein a 
narrow clearance Is defined between the inner 
valve member (20) and the outer valve member 
(12) to pemilt fuel to flow between the sac region 
(23) and the chamber (25). 

11. The fuel Injector as claimed In Claim 9 or Claim 10, 
wherein the second outlet opening (24) communi- 
cates with the sac region (23). 



inserting the outer valve member (12), having 
the inner valve member (20) and the upper 
member (29, 36, 50, 52) Inserted therein, into 
the upper end of the first bore (1 1 ). 



10 



12. The fuel injector as claimed In any of Claims 1 to 
11, wherein the outer valve member (12) may be 
provided with a guide member (42), coaxial with the 
outer valve member (12), which serves to guide 
axial movement of the outer valve member (12) is 
within the first bore (1 1). 

13. The fuel injector as claimed in Claim 12, wherein 
the guide member (42) is integrally formed with the 
outer valve member (1 2). 20 

14. A method of assembling a fuel injector including the 
steps of; 

providing a nozzle body (1 0) having a first bore 25 
(11) formed therein, 

providing an outer valve member (12) having a 
through bore (17) formed therein, the through 
bore (17) defining a step (27) engageable with 30 
an enlarged region (20a) of an inner valve 
member (20) to be received within the through 
bore (17), 

inserting the inner valve member (20) in the 35 
upper end of the through bore (1 7), 

inserting an upper member (29, 36, 52) in the 
upper end of the through bore (1 7), and 



40 



45 



15. The fuel injector as claimed in Claim 14, wherein 
the upper member Is an upper valve member (36, 
50, 52) which permits fuel upstream of the inner 
valve member (20) to vent from the through bore 
(17). so 
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